Abstract. 2-ethylhexyl 2-hydroxybenzoate (octisalate) is one of organic compounds containing in sunscreen products to absorb ultraviolet radiation. Density Functional Theory (DFT) was used to investigate the molecular structure and the ultraviolet (UV) absorption spectrum of 2-ethylhexyl 2-hydroxybenzoate and meta-substituted 2-ethylhexyl 2-hydroxybenzoate to model the novel sunscreen compounds. The geometry optimizations and frequency calculations were done at B3LYP/6-311++G(d,p) level of theory. The 10 vertical excitation calculations were performed by Time-Dependent Density Functional Theory (TD-DFT) at B3LYP/6-311++G(d,p) level. The solvent effects were taken into account by using the Polarizable Continuum Model (CPCM). It was found that the intramolecular hydrogen bond occurred in the 2-ethylhexyl 2-hydroxybenzoate structure. The UV absorption spectrum in the UVA and UVB regions are π π* transitions (HOMO LUMO transitions). The calculated UV absorption spectrum of the 2-ethylhexyl 2-hydroxybenzoate and its derivatives are significantly affected by the substitution groups.
Introduction
Although ozone in the atmosphere absorbs UV radiation from the sun, but in fact it can absorb only UVC region (200-280 nm). From the scientific reports, UVA (320-400 nm) and UVB (280-320 nm) radiation cause sunburn, skin damaging and skin cancer [1] [2] . Several organic UV absorbing compounds were synthesized and developed continuously from the past decade until nowadays for using in sunscreen products and UV filter materials. There are several sunscreen products brought to the market around the world from the past decade until now for protecting body from skin damage [3] [4] [5] [6] . Octisalate (2-ethylhexyl 2-hydroxybenzoate) is one of the organic UVB absorbing compounds which widely used in the composition of sunscreen and cosmetic products [7] [8] .
Nowadays several research groups investigate various organic UV absorbing compounds for the sunscreen applications by theoretical studies and experiments [9] . T.Kartrick and coworkers performed experimental and theoretical studies of FT-IR and FT-Raman spectra of 5-nitrosalisylic acid which has three different substitution groups (hydroxyl group (-OH), carboxyl group (-COOH), and nitro group (-NO 2 )). It was found that the vibrations of carboxylic and hydroxyl groups in 5-nitrosalisylic acid are involved in the interaction of intra and intermolecular hydrogen bonds [10] . Bianca A.M. Correa and coworkers investigated and modeled the UV absorption spectra of benzophenone derivatives by Density Functional Theory (DFT) and Time-Dependent Density Functional Theory (TD-DFT). It was found that the main electronic transition of benzophenone derivatives are in the UVA and UVB range which result from the π→π* transitions (HOMO → LUMO). They are also mention that benzophenone derivatives with protic substitution groups at para position showed the absorption in UVB range while at ortho position presented the UVA absorption region [11] .
This present work, we focuses on the theoretical photo-physics investigations (molecular structure and UV absorption spectrum) of 2-ethylhexyl 2-hydroxybenzoate and its derivatives to see the effect on UVA and UVB absorption spectrum from substitution groups (electron withdrawing groups and electron donor groups) at meta position. Another one aspect is the influence of the strength of the electron donating groups to the UVA and UVB absorption range. The results from this work can be apply for the synthesize novel organic UV absorbing compounds to use in the composition of sunscreen products and UV filter materials which can absorb all UVA and UVB regions with high intensity.
Method of calculations
The starting geometries of two possible conformers of 2-ethylhexyl 2-hydroxybenzoate were constructed as shown in Fig. 1 . Density Functional Theory (DFT) was used to investigate in these calculations. The starting molecular geometries of 2-ethylhexyl 2-hydroxybenzoate were performed geometry optimizations in gas phase at B3LYP/6-311++G(d,p) level of theory. The frequency calculations were performed to the optimized geometries to verify that the optimized geometries are located on the local minima with no imaginary frequencies. Boltzmann statistics calculations were performed to all two possible conformers by using the following equation to find the most stable conformer and percent abundant. 
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The substitution groups, electron withdrawing groups(CN, NO 2 , F, Cl, Br) and electron donor groups(NH 2 , NHCH 3 ,N(CH 3 ) 2 , OH, OCH 3 ), were added to the most stable conformer of 2-ethylhexyl 2-hydroxybenzoate at meta position then performed geometry optimizations and frequency calculations follow by 10 vertical excitation at TD-DFT B3LYP/6-311++G(d,p) level to see the effect of the substitution groups for the UV absorption spectrum in the UVA and UVB regions. The solvent effects were taken into account by using the Polarizable Continuum Model (PCM) in methanol and water solvents. All of the calculations were done by using Gaussian09 program package [12] and Gabedit program package [13] for the molecular visualization.
Results and Discussions
The optimized molecular geometries at B3LYP/6-311++G(d,p) level of both two conformers of 2-ethylhexyl 2-hydroxybenzoate are located on the local minimum with no imaginary frequency which shown in figure 1 and the structural parameters were shown in Table 1 . Table 2 . TD-DFT calculations at B3LYP/6-311++G(d,p) level show the calculated UV absorption spectrum of 2-ethylhexyl 2-hydroxybenzoate both two conformers in gas phase (Fig. 4) . It was found that both two conformers show three absorption peaks in the UV region (200 -400nm). The first absorption peak located at 207.79 nm for conformer1 and 209.58 nm for conformer2 which is Applied Mechanics and Materials Vol. 855charge transfer transitions (HOMO-3 LUMO and HOMO LUMO+1 for conformer1 and conformer2, respectively). The second peak at 230.46 nm (HOMO-2 LUMO) for conformer1 and 237.14 nm (HOMO-1 LUMO) for conformer2 are π π* transitions. The third peak at 276.83 nm and 296.64 nm for conformer1 and conformer2 are π π* transitions (HOMO LUMO), see Table 3 . The calculated absorption spectra of conformer2 are bathochromic shift (red shift) from conformer1 for those three absorption peaks. When compared the calculated UV absorption spectrum of both two conformers to the experimental data (307 nm) [7] , it was found that the UV absorption spectrum of conformer2 corresponding well to the experiment. Fig. 4 . The UV absorption spectrum of 2-ethylhexyl 2-hydroxybenzoate both conformer1 (red) and conformer2 (blue) in gas phase. 
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The effects of substitution groups at meta position, electron withdrawing groups (CN, NO 2 , F, Cl, Br) and electron donor groups (NH 2 , NHCH 3 , N(CH 3 ) 2 , OH, OCH 3 ), and effect of solvents (methanol, acetone, water) were taken into account at B3LYP/6-311++G(d,p) level. The calculated absorption spectrum from TD-DFT calculations in the UVA and UVB regions (third peak) of all compounds result from the π π* transitions (HOMO LUMO), presented in Fig. 3 and Table 4 . The absorption spectrum of 2-ethylhexyl 2-hydroxybenzoate substituted by the electron withdrawing groups are bathochromic shift from 2-ethylhexyl 2-hydroxybenzoate spectrum and located in the UVB region (280-320 nm) (CN<NO 2 <F<Cl<Br) while electron donor groups result in the absorption spectrum located in the UVA region (320-400 nm) (OH<OCH 3 <NH 2 <NHCH 3 <N(CH 3 ) 2 ) and the absorption intensity of 2-ethylhexyl 2-hydroxybenzoate substituted by NO 2 is approximately twice times when compared to other compounds (see Fig. 5 ). It is imply that the bathochromic shift in UVA and UVB regions for metasubstituted-2-ethylhexyl 2-hydroxybenzoate depends on the strength of electron donating groups. Moreover the UV absorption spectrum of the 2-ethylhexyl 2-hydroxybenzoate and its derivatives are not affected by the selected solvents (methanol and water) as shown in Table 4 . Fig. 5 . The UV absorption spectrum in gas phase of 2-ethylhexyl 2-hydroxybenzoate (line) and its derivatives with substitution groups (electron donor groups (square) and electron withdrawing groups (triangle)). Electron withdrawing groups CN (red), NO 2 (green), F(blue), Cl(cyan), Br(magenta) and electron donor groups NH 2 (yellow), NHCH 3 (dark yellow), N(CH 3 ) 2 (navy), OH(purple), OCH 3 (wine). 
Conclusions
In this work, we report two conformers of 2-ethylhexyl 2-hydroxybenzoate in gas phase. The calculational results show that conformer2 is the most stable conformer results from the intramolecular hydrogen bond. Density Functional Theory (DFT) and Time-Dependent Density Functional Theory (DFT) at B3LYP/6-311++G(d,p) level of theory are appropriate methods for the geometry optimizations and vertical excitation calculations yielding the calculational results corresponding well with the experimental results. The 2-ethylhexyl 2-hydroxybenzoate shows three peaks in UV absorption spectrum, two peaks located in UVC region and one peak located in UVB region. The absorption peak that located in UVB region result from the π π* transitions (HOMO LUMO). The meta-substituted of 2-ethylhexyl 2-hydroxybenzoate presented the bathochromic shift of absorption spectrum from 2-ethylhexyl 2-hydroxybenzoate in the UVA and UVB regions. The bathochromic shift in the meta-sustituted 2-ethylhexyl benzoate is depends on the strength of electron donating groups. The calculated UV absorption spectrum of the 2-ethylhexyl 2-hydroxybenzoate and its derivatives are not significantly affected by the solvents.
